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The above staff list shows the position at the close of the year. The
two vacancies left by the resignations of Mr. P. H. Greenwood and Mr.
B. S. Newell have not yet been filled. It was agreed by the Research
Council that one of our posts for Research Officers should during the
coming year be held in abeyance, but this would be without prejudice to
arrangements for our full establishment of five research officers to be
restored in 1960.
Both motor launches have been serviceable throughout almost the
whole year; on no day were we without a launch in serviceable condition.
Between them they covered over 5,400 miles.
There was one period when the larger launch was out of commission
on account of damage due to a most unexpected cause. While in the
Kavirondo Gulf some nylon netting became wound round one of the
propeller shafts, this was forced into the cutless bearing and excessive
wear on both shaft and bearing occurred. In fact, the cutless bearing
was worn right through and the supporting P-bracket damaged, fortunate-
ly the trouble was discovered in time. If the bearing had failed complete-
ly very serious damage to the boat would have resulted as the unsupported
shaft and propeller would have torn out the bottom of the boat.
2The Public Works Department cast a new P-bracket and a new cut-
less bearing was fitted; the worn shaft was repaired by spraying on monel
metal, this difficult job was done by the Uganda Crankshaft Regrinders
Ltd. The bracket, bearing and restored shaft were fitted and have been
operating satisfactorily ever since. Our acknowledgments are due to
the Public Works Department and to the Uganda Crankshaft Regrinders
Ltd. We are also grateful to the Senior Marine Engineer, E.A.R. & H.,
Kisumu, for repairing and balancing two propellers.
The record of serviceability of our vessels is commendable, particular-
ly when one considers the age of these vessels and engines. New engines
for the larger launch have arrived and will be installed as soon as possible.
However, neither vessel can be slipped at present, because the slipway
is unusable owing to the fall in lake level. Arrangements are being made
to extend tbe rails on which the cradle runs, but this work can only be
done with the assistance of a diver.
During the twelve month period the Director attended meetings of
the East African Agricultural and Fisheries Research Council, the Inland
Fisheries Research Co-ordinating Committee and the last meeting of
the Lake Victoria Fisheries Board. At the time it was not realised that
tbis would be the last meeting of the Board, but in October it was decided
to disband the Lake Victoria Fisheries Service and transfer the duties
undertaken by this Service to the Territorial Fishery Departments.
The Director also attended two meetings in Northern Rhodesia,
a meeting of the Advisory Committee to the Joint Fisheries Research
Organisation at Samfya and a special meeting convened by Dr. Gunn,
Director of the International Red Locust Control Service. Dr. Gunn
has contributed the following statement: "In Northern Rhodesia,
the flood plain surrounding Lake Mweru wa Ntipa is an outbreak area
of the Red Locust, where it is controlled rather expensively by the rnter-
national Red Locust Control Service, using insecticides. Swarming
occurs after several dry years when the level and extent of the lake, which
has no outlet, fall considerably. A project for maintaining the level and
enabling I.R.L.C.S. to withdraw from the area, by diverting water from
the Kalungwishi River, concerns both I.R.L.C.S. and the Game and
Fisheries Department. The Director of E.A.F.R.O. was invited to visit
the area to advise and adjudicate on certain aspects, upon which agree-
ment was then reached."
At the time of these meetings in Northern Rhodesia, the oppor-
tunity was taken to see something of a new project to develop the fisheries .
at the south end of Lake Tanganyika.
On 12th January, 1959, under the chairmanship of Mr. C. J. Martin,
M.B.E., Director of the East African Statistical Department, a meeting
was held at Jinja to discuss questions relating to the collection of records
3of fish caught commercially and the subsequent analysis of these data.
All interested parties in East Africa were represented and agreement
was reached on the best procedures to adopt, bearing in mind the various
difficulties that have to be overcome.
At the invitation of the Uganda Government, fishery specialists
attached to the Food and Agricultural Organisation carried out surveys on
marketing problems, statistical methods and the Lake George fisheries.
Such visitors are indeed welcome and provide the opportunity for an
exchange of ideas, and the Director, when going on leave, took the oppor-
tunity to visit F.A.O. Headquarters in Rome.
While on leave, Mr. D. J. Garrod attended a two months course
at Lowestoft on statistical methods and their application to fisheries;
he also attended a short course at Nairobi which was arranged by the
East African Statistical Department.
During the past year several visits have been made by members
of this organization to Mwanza, Entebbe, Kisumu and Sagana in con-
nection with their work and in order to discuss questions of mutual interest
with the officers belonging to the other East African Fishery Departments.
In the interests of economy this report is being kept as short as
possible.
SCIENTIFIC WORK OF THE ORGANIZATION
INTRODUCTION
A brief review of work carried out since the laboratory was establish-
ed ten years ago will put present studies into perspective and show to
what extent the aims of this organisation are being fulfilled . These aims
can be simply defined under two heads: the maintenance of a watch on
the commercial fisheries and original research designed to provide the
information necessary if these fisheries are to be exploited rationally and
managed efficiently.
While reference to past results, which cover a wide range of subjects,
can best be made in the appropriate sections of this report, a short general
statement on the Lake Victoria Fisheries may be useful.
From the earliest records contained in Michael Graham's Report
it was clear that even before 1929 considerable inroads had been made
on the stocks of fish in Lake Victoria. Some control measures were
subsequently introduced which must have had a moderating effect, but
even so the Game Department reports continued to express concern
regarding the state of the fisheries . During the last war some reduction
in fishing effort occurred due to .a shortage of nets, this afforded some
respite to the fisheries, but after this period the fishing effort again increas.-
ed steadily. At the present time the fishing effort is higher than it has
ever been.
4In 1947 both the L.V.F.S. and E.A.F.R .O. were established ; working
together these two services fulfilled Michael Graham's recommendation
for a Lake Victolia Fisheries Authority which should combine both
Administration and Research. However, E.A.F.R.O. was not restricted
to work on Lake Victoria and in the early days visits were made to all
the major lakes of East Africa. These investigations were carried out
in order to collect comparative data which would help elucidate several
basic problems relating to the fertility and productivity of tropical lakes .
At the same time detailed studies were carried out On Lake Victoria;
these included fishing surveys to determine the general distribution
of the various species of fish occurring in different habitats, experimental
fishing with fleets of nets of varying mesh sizes designed to provide
information regarding the changing composition of these various fish
populations and the migration , spawning requirements and growth
rate of particular species. Work was also carried out on the hydrology
of Lake Victoria, the chemistry of its waters and bottom deposits and the
composition of its plankton . Studies were 'also made on certain groups
of invertebrates which, from the stomach contents of fish, were shown
to be of particular importance. Thus a wide range of subjects were
covered in order to provide the background necessary for a proper
understanding of the fisheries. Sufficient of this background knowledge
has now been obtained to enable a reasonable assessment to be made
of the primary factors affecting the stocks of fish.
Jn earlier reports we have 'expressed the view, which remains un-
changed, that in many areas the fishing intensity on Lake Victoria exceeds
the safe limit if future stocks of fish are to be maintained even at the pre-
sent level.
As mentioned above, the aims of this organization are to keep a
watch on the commercial fisheries and carry out original research. Al-
though original research is still necessary, the need for it is not so acute
as it was and the emphasis can now be shifted from such studies to a
closer investigation of the effect of fishing on the remaining stocks, and
the carrying out of development projects to increase these stocks of fish.
These development projects are based on knowledge derived from re-
search studies. Our re~earch effort could with advantage be directed
to other lakes, but problems relating to bases from which to operate
remain to be solved. '
J11 the account that follows of work done, figures in brackets refer
to the reference numbers in the list of publications in our last annual
report and the similar list at the end of this report, and reference to earlier
annual reports is made by quoting in brackets the relevant date.
5HYDROLOGY .
Hydrological studies (4) (28) (46) (1954/55) (1956/57) carried out over
the last several years have provided information on the chemistry of the
water of Lake Victoria, its thermal stratification and the movement of
the layers of water so formed. These studies have served to explain the
seasonal changes in the availability of fish caught commercially (39)
and have thrown light on the potential chemical fertility of the lake (28).
Considered as a whole, the waters of the lake are subject to currents
that circulate the water both horizontally and vertically, thus there is
little variation in chemical composition in different regions of the lake
although local differences in productivity are associated with topographi-
cal features of the coast line.
The absorption of light of various wavelengths in several lakes was
determined and related to the photosynthetic activity of algal cultures
suspended in the water (37): similar studies were carried out in Pilkington
Bay (81).
Acknowledgments are due to the L.V.F.S., who have provided
invaluable assistance by the generous loan of their vessels and staff for
extended journeys across the lake in both north and south and east to
west directions. For lack of a hydrologist these observations have had
to be discontinued, though it is satisfactory to report that the more import-
ant hydrological features of the lake are known. Ideally, regular routine
observations should be maintained as hydrological conditions, which are
a reflection of the weather, are never exactly the same year after year.
The hydrological data collected gave grounds for believing that few
fish would be found living in water deeper than one hundred and thirty
feet. This contention received support from our own experimental fishing
both with gill nets and with the trawl, and has, during the last year, been
confirmed by the fishing survey carried out by the Lake Victoria Fisheries
Service, see their Annual Report for 1957/58, para. 58.
The early discovery that in Lake Victoria sulphates in solution are
in short supply was one of considerable significance (28) and the fact
that many river waters show a similar shortage led to the suggestion (5)
that many African soils might be deficient in sulphates. This has now
been confirmed by several Agricultural Departments.
Analyses of the bottom deposits (1955/56) (1956/57) (65) (82) have
shown that they are derived from plankton that has been precipitated
and contain very considerable quantities of combined sulphur and other
plant nutrients but that these are not readily released by the normal
processes of decomposition. Micro-organisms contained in this mud
render unavailable many plant nutrients, with the result that the lake is
less fertile than it might otherwise be.
6The importance of maintaining stocks of fish which consume the
phytoplankton and so prevent this loss of organic material has been
stressed (1953) (87). The accumulated organic material in the bottom
deposits has been shown to be valuable as an agricultural fertilizer (see
Appendix "D").
Related to the studies on micro-organisms in the mud were observa-
tions on bacteria which corrode iron (1954/55) (1956/57). It was noticed
that steel anchor chains did not corrode when lying in mud, but that
iron and steel was rapidly corroded in the waters of the lake. Corrosion
was least in those areas where the density of phytoplankton is consider-
able. Information regarding these iron bacteria was of value to the
engineers building the Owen Falls Hydro-electric Plant, and ultimately the
construction of certain features was changed, thus preventing further
damage by these bacteria .
Chemical analyses and some hydrological observations have been
carried out on many African waters besides Lake Victoria; they include
the following :-Albert, Edward, George, Bunyoni, Mutanda, the
Malagarasi swamps, Kioga and Rudolf. Analyses have also been carried
out on a number of rivers and small crater lakes (1951) (1952) (1953) .
In the light of a recent enquiry from the Uganda Game and Fisheries
Department it should be recorded again that almost permanent stratifica-
tion in Lake Bunyoni (1953) provides an explanation for the relative
infertility of this lake and for the fact that numerous introductions of
fish have been unsuccessful.
A detailed study has been carried out on the conditions of deoxygena-
tion in papyrus swamps (58) (1953). These swamps. around the lake cover
vast areas of the littoral region and thereby hinder the reproductive
activities of several populations of fishes. The more productive coastlines
are those subject to a moderate degree of exposure. In this connection
the relatively high rate of production in the Kavirondo Gulf is probably
largely due to the wind tide that occurs in this part of the lake and which
by the daily rise and fall in level prevents the establishment of dense
belts of papyrus.
Not all swamps are unproductive; a marked distinction should be
drawn between the relatively stagnant swamps referred to above and those
swamps through which there is a considerable flow of water. Notable
examples of the latter type are the Bangweulu Swamps which are being
studied by the Joint Fisheries Research Organisation and the Malagarasi
Swamps which were investigated in 1952 by two officers from E.A.F.R.O.,
assisted by the Fishery Officer from Kigoma. Very valuable information
was collected during this expedition and as certain conclusions drawn
from these data are likely to have an important bearing on future develop-
ment projects, reference may be made to the record contained in the
Annual Report for 1952 :-
7"This swamp supports a dense population of fish which include the
following genera: Alestes, Distichodus, Citherinus, Mormyrops, Mormyrus,
Gnathonemus, Marcusensius, Bagrus, Clarias, Heterobranchus, Schilbe,
Synodontis, Labeo, Barbus, Tilapia, Haplochromis and Serranochromis.
Many of these genera are represented by two or more species. The
presence of so many species of fish belonging to so many genera is not so
remarkable as the apparent density of the fish population considered as
a whole. AlI the fish examined were in good condition. The two species
of Tilapia, T. nilotica and T. koromo form the basis of the fishing industry
which is carried out by Africans using gill nets into which fish are driven.
"The productivity of these swamps contrasts strongly with other
swamps which superficially appear similar, as for instance the very
extensive water-lily swamps of Kyoga which are relatively very unproduct-
ive. The extraordinary productivity of the Malagarasi water-lily swamps
appears to be due mainly to the presence of Alestes macrophthalmus and
Distichodus sp. Both Alestes macrophthalmus and Distichodus sp. were
found to be feeding on and partially digesting the leaves, buds and seeds
of the water-lilies. Higher plant material if eaten at all by other species
of fish, is usually undigested by them. It seems that the partially digested
remains of the water-lilies after passing through the guts of Alestes and
Distichodus form a digestible food for several other species offish including
both species of Tilapia and two species of Haplochromis . These fish may
utilise this food as it is, or may derive their nourishment from the associ-
ated fauna of protozoa and rotifera. Some of the smaller species of fish,
which feed on the bottom deposits provide food for the various predatory
fish .
" The almost complete absence of either phyto - or zoo-plankton in
these waters is remarkable. Another remarkable feature of the Mala-
garasi Swamps is the paucity of both insects and mollusca. This is reflec-
ted in the feeding habits of Schilbe mystus which eats mainly insects in the
open Malagarazi River, but in the swamps feeds mainly on small Haplo-
chromis.
" Further development of the existing fisheries on these swamps
seems possible. The data collected however, suggest possibilities of very
considerable significance; the introduction of Alestes macrophthalmus
and Distichodus into areas containing infertile water-lily swamps might
greatly increase their fertility. Distichodus has a very wide distribution
in Africa, but is not found in the Victoria, Kyoga and George, Edward
areas. Alestes spp. occur in these latter areas, but not Alestes macroph-
thalmus."
Problems relating to thermal stratification in fishponds and dams
and the consequent deoxygenation of the water (21) (53) were studied;
, these conditions have a very significant effect on the growth of fish.
8Observations (34) were made on the electrical conductivity of the
waters of Lake Edward, the Semliki, Lake Albert, the Victoria Nile and
the Albert Nile.' Besides being of interest in connection with the fi sheries
and suggesting a probable explanation for the periodic mortality of
Nile Perch, these records provided a means for assessing the quantity of
water derived from these various head waters of the Nile. This method
has now been adopted by the Department for Water Development.
As thermal stratification restricts the productivity of many ponds,
an experiment was made, with the cooperation of the Estate Manager of
Jamal Walji's Plantation, to mix the waters of their dam by means of an
airlift pump. This pump worked efficiently but was probably too small
to be really effective. Unfortunately, owing to lack of staff, sufficient
observations on the hydrological changes occurring could not be main-
tained from which valid conclusions could be drawn.
A small pond dug by the Prisons Department was used for an experi-
ment to test the value of lake mud as a fertilizer. As has been explained
previously these deposits do not decompose unless boiled. Two forty
gallon drums of mud were therefore boiled before being added to the
pond, which soon developed a rich growth of plankton. While not a
precise experiment, it indicated that the mud had had a beneficial effect.
The water in this pond was turbid due to suspended clay particles;
the boiled mud had the desirable effect of precipitating these particles
and clearing the water.
PLANKTON .
In the African lakes the phytoplankton is of immediate significance to
the fisheries as among the commercially more valuable fishes are the
several species of Tilapia which feed directly on phytoplankton.
Observations on the abundance of phytoplankton have been carried
out on Lake Victoria (46) and on several other lakes; in conjunction
with work on the stomach contents of fish an assessment has been made of
the relative food value of the various constituents (I) (19). For a list of
the diatoms occurring in Lake Victoria see (1952).
The various organisms that comprise the zooplankton of Lake
Victoria have been listed (1955/56). The paucity of zooplankton in this
lake serves to explain the relative scarcity of fishes which feed on zoo-
plankton.
This scarcity of zooplankton may be related to the fact that the
dominant diatom is Melosira which being filamentous is perhaps only
eaten with difficulty by members of the zooplankton. By contrast, at
.certain seasons of the year there is a bloom of a small species of diatom
Navicula and this is associated with a considerable development of
zooplankton; these conditions, however, obtain for only a short period.
9INVERTEBRATES.
From the fishery aspect insects are without doubt very important.
Insect larvae are the main food of certain species of fish 'and they form a
very significant element in the diet of young fish belonging to many
species that eat entirely different food when adult. Even fish, which when
adult appear to be almost exclusively herbivorous, require animal protein
(insect larvae, Crustacea, etc.). if they are to grow well in the early phases
of their life (1956/57).
Surveys, in conjunction with analyses of stomach contents of fish,
have been carried out on the distribution of insect larvae (9) (49) (1954/55).
Many of the results of this work are still either in press or in preparation.
But studies on Mormyrus (38) have been published and preliminary obser-
vations have been -recorded in earlier reports . Appendix' A' gives new
data on the food of Bagrus docmac, Mormyrus kannume, Clarias mos-
sambicus, ScM/be mystus and Protopterus aethiopicus.
Work on the relative abundance of aquatic insects, their periodic
emergence and rhythmic flight activity have been carried out using a
mercury vapour light trap (15) (16) . Progress in this field has been
greatly advanced by Mr. Audfinn Tjonneland, a visiting scientist from
Bergen University, who recently left after two years' work at the labora-
tory. Some of his results have already been published (95) (96), but the
main conclusions are unlikely to appear in print before the end of 1959.
Taxonomic studies on several groups of aquatic insects have formed
the subject of seventeen papers, some published by authorities in the
British Museum (Natural History) to whom material was sent. For
future reference a collection of named specimens preserved in alcohol
is kept at Jinja.
Observations on the effect of D.D.T. on aquatic insects and on the
fish which depend on these insects for their food have yielded interesting
results (83) (84). Following applications of D.D.T. to the Nile many
fishes were left without their normal food, but fortunately the river was
soon recolonised by those species on which they feed, while Simulium
(mbwa fly) against which the D.D.T. was used, did not recur.
Insects constitute an important element in the food of young croco-
diles (57) (1954/55) (102) (103); many of these insects such as Belostoma
and dragon fly larvae are themselves voracious predators on small fish .
Observations on crustaceans as food for fish have been carried out;
while much of this work has been of an incidental nature, it has revealed '
the importance of these animals . All forms of Crustacea, ranging from
the smallest ostracods to the larger crabs playa role in the economy of
the fisheries. Methods for culturing some of the smaller crustaceans
have been developed and are an essential feature (1956/57) in the successful
rearing of fish raised from eggs artificially fertilized in the laboratory . .
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A taxonomic study of the Crustacea occurring in the plankton of
Lake Victoria was undertaken by a visiting scientist (1955/56). Oligo-
chaete worms have been used as a major item in the diet of fish reared
experimentally , the collection of these has, in fact, constituted the
main activity of a junior African assistant over a period of three years!
However, in Lake Victoria few fish have been found to feed on these
worms. This is no doubt due to the fact that in Lake Victoria they occur
mainly in the mud in lakeside swamps which are inaccessible owing to
lack of oxygen to fish other than those with accessory air-breathing
apparatus.
Mol1uscs, both snails and bivalves, constitute an important element
in the food of many fish;· these include Synodontis, several species of
Haplochromis and Protopterus. By converting plant material into animal
protein, molluscs play an important part in the biological economy of
freshwaters . While it was already known that they can digest cellulose,
a study of their digestive physiology led to the discovery that they
secrete sulphuric acid (1954/55), this was of very considerable interest,
as most animals with an acid digestive system secrete hydrochloric acid .
In 'waters like the African lakes where su1phates are in short supply and the
watel; is alkaline, the secretion of sulphuric acid is of particular value as it
keeps an essential plant nutrient in circulation (20) .
Snails, however, are better known as vectors of a variety of trematode
parasites, including bilharzia, than for their value as food organisms.
Over a period of three years field observations and laboratory experi-
ments were made on the snail vectors of bilharzia (11) (18) (45) (52) (77)
(78), these studies· and Mandahl-Barth's monograph (56) constitute a
significant advance in our knowledge on this subject. The medical
authorities are fully alive to the seriousness of this disease in East Africa
and although these investigations have been discontinued our advice
on this subject is still sought.
The Annual Report for 1951 contains a list of aquatic snails found
in East African waters and information on their distribution, also a list
and key for the identification of the moll usc-eating Cichlidae occurring
in Lake Victoria; also included in this report is a note on the biological
control of snails with particular reference to ponds. The results of tests
to observe the numbers of snails eaten by Haplochromis spp. have been
recorded (1953).
The early stages of the common bivalve, Mutela , have just been dis-
covered; they are extremely small and go through a series of larval stages
which are morphologically unlike those of most other bivalves, but like
the larvae of many other bivalves they are parasitic on fish. In the case
of Mutela they have only been found on Barbus altianalis : a fuB account
will be published. This discovery is of both academic interest and
practical significance, as Mutela is an important element in the food of
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Protopterus. The Owen Falls Dam, by preventing the normal run of
Barbus, is likely to affect adversely the number and distribution of Mutela
in the lake.
When opportunities have arisen, observations on fish parasites have
been made; these include nematodes, trematodes, a variety of crustaceans,
trypanosomes and some other protozoans (1956/57). A more specific
investigation on the parasitic crustaceans is being undertaken at the
present time.
The presence of haemoglobin in Dolops, a crustacean parasite, has
been noted (64).
Recently we received specimens of a fluke, occurring commonly
in the flesh of Tilapia, taken from Malya Dam, near Mwanza; these
flukes appear to belong to a group some of which complete their life cycle
in man. Specimens have been forwarded for identification to Dr. J. D.
Thomas of Achimota, Accra.
FISH.
Twelve papers on the taxonomy of the African fishes have been
published, a notable example is "The Fishes of Uganda" (79), now avail-
able as a book from the Secretary of the Uganda Society, Private Bag.
Kampala.
Three papers on fossil fish remains have been published (3)(54)
(100); the fossil record shows that the Lates (Nile Perch) and Polypterus had
a much wider distribution during the Miocene period than at the present
time. Twenty-five million years ago Nile Perch occurred in Lake Karu-
nga, where Lake Victoria now lies and more recently, in the Pleistocene
period, they occurred in the Lake Edward area.
Experimental fishing on Lake Victoria has been carried out ever
since the establishment of this research service, past results have been
published in each of our annual reports and in two supplementary publi-
cations (39) (48). From the fish caught in Lake Victoria and other lakes
much information on their habits, life histories, migrations and distribu-
tion has been gained; many of these results have been published as separate
papers dealing with particular species (23) (24) (25) (31) (47) (48) (80).
Studies on these fishes have yielded information on their size at matura-
tion (1953), seasonal variations in sexual condition and food taken at
various stages in their life histories, see Appendix' A'.
The 1951 report contains useful information, which is not available
elsewhere, on the ecological relationships of the Haplochromis spp.
One extract from this account which summarises data on the principal
food taken by forty-three species is worth repeating as it shows how abund-
ant predatory species are in this group of fishes and the range of ecological
niches occupied : -
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" The species of Haplochromis can, on the basis of the food eaten,
be divided into seven categories as follows :-
Main Food
Phytoplankton
Epiphytic algae __
Insect larvae and pupae
Insects and molluscs
Molluscs only
Fish eggs and larval fish
Other Fish
Number of Species.
2
3
8
5
3
3
19"
It would be premature to attempt any generalisations on
the part played by the many species of Haplochromis in Lake
Victoria, but it is certain that their presence must have a profound effect
on all the other fish in the lake. They may well have an important bearing
on the question of the introduction of Nile Perch into Lake Victoria.
For further information on the ecology of Haplochromis see (1954/55).
The oxygen requirements of six species of fish were investigated
(27); these data are of value for determining the range of conditions
tolerated and provide an explanation of the mass mortality of certain
species of fish (1953).
Pilot experiments to test the value of restocking Lake Victoria with
fry of T. zUlii were started nearly five years ago. The results achieved
indicate that Lake Victoria may provide an example where applied
research will lead to a real improvement in the fisheries and an increased
economic return. In many areas of the lake these fish now seem to be
established. The idea that T. zilli i should be used for these experiments
stems from an expedition carried out on Lake Albert (1950) when it was
discovered that, unlike most other species of Tilapia, they eat higher
plants. E.A.F.R.O. then recommended them as suitable fish with which
to stock ponds; this recommendation was taken up enthusiastically by
the Uganda Game and Fisheries Department. These fish have now been
used to stock over three thousand privately-owned ponds in Uganda
and probably nearly as many in Kenya. Previous experience had shown
that small ponds stocked with other species of Tilapia soon become choked
with vegetation, but ponds with T. zillii in them are kept clear of weeds.
Indirectly the weed-eating activity of T. zilli (19) provides a measure
of protection against the transmission of bilharzia (1951). It was after
T. zillii had begun to prove their worth in ponds that the suggestion to
introduce them into Lake Victoria was put up for consideration and
finally approved by the Lake Victoria Fisheries Board.
There are other species of fish which might with advantage be intro-
duced into Lake Victoria or Kioga, see page 7 where reference is made
to the hydrological conditions obtaining in swamps.
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Extensive trawling operations have been carried out in Lake Victoria,
and large numbers of Haplochromis were caught over a wide area in the
neighbourhood of Jinja and as far afield as the Kavirondo Gulf; the
records of these operations are contained in the Annual Reports for 1950
and 1951. The average catch in the better areas amounted to two hundred
pounds per half hour haul and a record catch was six hundred pounds
in the same time. Evidence was presented to show that in offshore
waters considerable numbers of these fish can be caught in this way, but
their commercial utilisation remains a problem.
Over the same period gill netting for Mormyrus was carried out;
it was found that there are considerable supplies of these fish in moderately
deep water ranging in depth from the sixty foot contour to the hundred
foot.
On the basis of our findings attempts were made by two enterprises
to exploit the fishing grounds in the neighbourhood of Dagusi, but for
various reasons neither of them were a commercial success; however,
there is no doubt about the existence of this belt of fishing grounds which
is large Iy unexploited.
Much of the work done in the past few years on Lake Victoria must
be considered as necessary preliminaries to our present investigations
which constitute a closer study of the effect of fishing on existing stocks
of fish. To illustrate the point it is perhaps necessary to explain that
until recently it was not possible to age the fish caught in Lake Victoria
This very fundamental difficulty has, to some extent, been overcome as a
result of protracted studies (1954/55) (86) (94), which made it possible to
relate 'rings' on the scales to occasions when individual fish had spawned
and to other work which indicated the frequency of spawning. This
was no simple task as some fish are found to be breeding at all times of
the year. Intemperate regions fish are aged by the rings formed by the
differential growth made between winter and summer. Until it was
possible to age these tropical fish it was impossible to assess the age
structure of the populations and determine the period of survival once
they are liable to be caught in commercial gear. Progress is now being
made in this respect, but as with all such work continuous observations
are required over lengthy periods of time.
It is now impossible with our own nets to catch the large numbers
of fish required for these analyses. In the normal way a research service
might expect to have access to the fish caught commercially, but this is
not always so here. The fishermen are naturally extremely anxious to
dispose of their fish as soon as they are landed. The difficulty has been
overcome by visiting two or more times a week an intermediary landing
close to the fishing grounds, where the fishermen land their fish, take them
from the nets, and where they sOli and sack them before putting them on
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canoes which transport them to the Jinja landing at Masese. By taking
over the job of transporting the fish into Jinja, we have the opportunity
on the way in to examine the catch from several hundreds of nets; all
the fish are measured and from samples covering the size range caught
scales are taken for subsequent examination. Thus data are now being
collected from which it is hoped to assess the age composition of the
exploited stocks and observe changes during the year due to the seaso nal
movements of the older fish (48); it should also be possible to assess the
mortality rate due to fishing.
While the above procedure has taken the place of some of the ex-
perimental fishing done previously, fishing with fleets of gill nets is still
being carried out to determine the selectivity of nets of different mesh,
provide data for independent assessments on population densities and
distribution and in order to collect material for life history studies.
With regard to the first of these objectives (i.e. the selectivity of the
nets used), much of the data collected earlier is no longer strictly applic-
able, as it was obtained for flax nets .
Selectivity must be defined both with regard to the range of sizes
caught by any given net and must also be expressed as a size frequency
curve indicating the probability of capture over this size range. In order
to determine these selectivity values data must be collected from fleets
of nets differing only slightly with regard to mesh size, so that there is
appreciable overlap in the 'range of sizes caught by the various nets.
Furthermore, data must be collected over a considerable period of time
and from different areas in order to eliminate errors due to the temporary
absence of fish of any particular size. Only after the characteristics of the
nets used have been determined is it possible to assess with any degree
of accuracy the size compostion of the exploited population.
As noted above, the earlier data collected on selectivity were derived
from flax nets; it is now apparent that nylon nets are less selective than
flax nets; that is to say, they catch fish over a wider range of sizes than do
flax nets. This fact serves as a partial explanation of the results of earlier
trials carried out by the L.V.F.S. and ourselves (1951), which showed that
nylon nets catch more fish than flax nets. This explanation was not
considered at the time these trials were originally carried out. At that
time it was generally supposed that the better catch from nylon nets
was due to their greater transparency when under water.
Records kept by the L.V.F.S. on the numbers of fish caught commer-
cially have been studied as heretofore ; the effect of lifting net restrictions
was apparent at some landings, but at others there was no great change
in the numbers of fish caught. In a few cases no advantage was taken
of this relaxation of control and five inch nets were not replaced by nets
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of smaller mesh; it seems that nowhere are nets of mesh less than four
and a half inch set for the capture of Tilapia, as Tilapia caught in such
nets are too small to be of much commercial value.
In good Tilapia areas the use of four and a half inch nets led at
first to an increase in the number of fish caught. As was expected,
T. variabilis, which does not grow as large as T. esculenta, became relative-
ly more abundant in the commercial catches, though T. esculenta remains
in most areas by far the more valuable species. Where fishing with these
nets has been intensively carried out over the past two years, a marked
decline in the yield of T. esculenta and Bagrus docmac has occurred.
While it may be too soon to draw definite conclusions, it seems that our
forecast (1955/56 Appendix A) on the probable effect of allowing the use
of these nets will be fulfilled.
T. variabilis has been made the subject of a special investigation,
in view of the fact that it is now assuming greater importance in the com-
mercial catches. Fish of all sizes caught in seine nets are tagged and re-
leased, a satisfactory number of fish have already been recaptured. It
is becoming evident that T. variabilis has an even slower growth rate
than T. esculenta. This suggests that they will not be able to withstand
heavy exploitation . The collection of material for this investigation
is difficult in the Jinja area as these fish occur mainly over small patches
of coastline where there are exposed rocks between stretches of marginal
vegetation ; these conditions make it very difficult to use a seine net.
An intensive study has been made over the last two years on Mor-
myrus kannume, the elephant snout fish . This is one species of fish
which is still fairly abundant in Lake Victoria, but unfortunately certain
sections of the African community wiIl not eat it. However, it is of some
commercial value and is probably not fully exploited.
Spawning seems to occur in moderately deep water in areas where
there are outcrops of rock. It has not yet been possible to capture from
the lake the very young stages of these fish, though eggs have been success-
fully fertilized under laboratory conditions and young Mormyrus reared
to fingerling size. The eggs of these fish are very small and the newly-
hatched young are very small indeed. Some difficulty was experienced
in feeding these minute fish but this was overcome by culturing certain
small organisms for their consumption.
The sexual cycle of these fish is rather different from that of many
other fish in the lake. Gonad development is very protracted and individ-
uals breed only once a year. The elucidation of this simple conclusion
entailed a very considerable amount of work; fish had to be caught at
regular intervals throughout the period of the investigation and a wide
range of observations made. These included elaborate morphometric
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studies which were in turn related to the weight of the whole fish and to
the weight of various tissues and organs. A full account of this work
will be published.
Observations made recently on the reproduction of Protopterus and
its nest building and breeding habits have been published (90); over 5,000
larval lungfish were obtained from one nest.
A short account was published (23) on the spawning habits of the
Catfish, Clarias mossambicus, a further paper on the embryology and
early development of the larvae and the temporary morphological adapt-
ations, which enable them to survive under conditions of low oxygen
concentrations before the supra-branchial organ is developed, may be
published before long.
At the request of the Research Co-ordinating Committee a special
investigation was started on the early life history of Labeo victorianus,
about which nothing was known ; this work was carried out jointly with
the Fish Division (Research) of the Kenya Ministry of Forest Develop-
ment, Game and Fisheries; the results, which are now in press (98),
give an account of the breeding habits, embryology and larval develop-
ment of this fish .
Very satisfactory .results have been derived from the laboratory
studies on growth rate. As reported earlier (I956/57), a wide range of
food substances were tried out in order to find the best food for growing
Tilapia in aquaria. Once this was discovered further experiments were
started to determine to what extent growth rate was affected by the
intensity of illumination and the temperature of the water. The whole
of the aquarium house is now devoted to this study. Using a thousand
T. zillii from one brood of larvae, batches of fifty are being kept in aqu aria
at four different temperatures ranging from 16° C to 30° C. A full
account of these results will be given later, but it can be said that temper-
ature has a very significant effect on the growth rate. A further question
of great interest that should be answered by these experiments is the
effect of temperature on the onset of sexual maturity.
The effect of light intensity is so far not showing any striking effect
but here again valuable information may be forthcoming on its effect on
gonad development.
In all the experimental aquaria there is a marked difference in the
size of individuals. This variation in growth rate between individuals
should form the subject of future research, as it indicates the possibility
of breeding genetical strains with a combination of desirable charact-
eristics such as higher growth rate, a high food conversion factor and the
ability to digest a variety of foods.
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VERTEBRATES OTHER THAN FISH.
Observations have been made on the food of fish-eating birds (1952),
crocodiles (1952) (57) (103), varanus liza rds and otters (1954/55). The
account given on the fish-eating birds is of particular interest as it shows
clearly how the different species of birds, cormorant (2 species), darters,
herons and pelicails, prey on different groups of fishes.
The food taken by the crocodile ranges through every class of animal
occurring in the lake and includes insects, crustaceans, spiders, snails,
fish, frogs, turtles, lizards, snakes, birds and mammals. Dr. H . B. Cott's
book on the African crocodile may be published soon and shortly he will
be writing up the full results of his investigations on fish-eating birds. Both
these works will add very considerably to our knowledge of man's compet-
itors for the supply of fish.
As little is known about the food of aquatic snakes it is worth re-
cording that a small water cobra was seen swallowing a young Clarias.
While it may not be possible to give precise expression to the part
played by the hippopotamus in the economy of a lake, there is little
doubt that they are of value to the fisheries. Their grazing habits round
the lake shore are only too apparent in places where they occur in excess-
ive num bers, but by manuring the water they add to its fertility. How-
ever, what may be more important, their activities along the coastline
discourage the growth of dense masses of vegetation over the littoral
region. The overgrowth of the littoral region, particularly papyrus,
hinders the reproductive activities of several species of fish. In a similar
way other game animals, elephant, waterbuck and sitatunga may play
a not insignificant part in a lake's economy. The hippopotamus must
also be of value in keeping open the mouths of inflowing streams up
which many species of fish make their spawning runs.
LIBRARY
The library contains a useful number of books of reference, several
series of scientific journals and a large number of reports from fishery
laboratories from all over the world. Probably the more valuable part
of the library is the collection of reprints; all of these have been obtained
on an exchange basis. A considerable amount of time has been devoted
during the last year to reclassifying this collection. Besides a complete
index of authors, any reprint can be located under the new system of
classification by referring to one or more of fifty subject categories.
We receive regularly from the Soviet Academy of Sciences their
abstracts of world literature on Biology and Biochemistry; this gift is
gratefully acknowledged. These journals are valuable for purposes of
reference to the titles of the papers published, though unfortunately the
translation of the abstracts themselves is beyond the linguistic ability
of any of the present staff.
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PUBLICATIONS
Below is appended a list of publications written by members of
E.A.F.R.O. or by visitors to the laboratory; it is a continuation of the
Jist at the end of last year's report; serial numbers have been given for
easy reference. A few reprints of these publications are available but
on account of financial stringency our mailing list has been curtailed and
the number of reprints purchased reduced. Requests for reprints will
be met as far as possible.
76. HOLMES, W. &
MOORHOUSE, D. E.
77. CRIDLAND, C. C.
78. CRIDLAND, C. C.
79. GREENWOOD, P. 1-1.
80. LOWE, R. H. ,
(MCCONNELL)
81. TALLlNG , J. F.
82. HESSE, P. R.
83. CORBET, P. S.
84. CORBET, P. S.
The peri-renal tissue of Protop terus. A
contribution to the history of the adrenal.
Q. J. Micro . Sci. 97: 123-154 (1956).
Ecological factors affecting the numbers of
snails in temporary bodies of water.
./. Trop. Med. Hyg. 1-7. (1957) .
Ecological factors affecting the numbers of
snails in a permanent stream.
J. Trop. Hyg. 3-7. (1958).
The fishes of Uganda IV. Uganda Journal
21: 191. (All four parts are now in book
form and can be obtained from the Secret-
ary, Uganda Society, Private Bag,
Kampala.) (1958).
Observations on the biology of Tilapia
nilotica Linn~ in East African Waters.
(Pisces: Cichlidae).
Rev. Zool. Bot. Afr. 57: 129-170. (1958).
Diurnal changes of stratification and
photosynthesis in some tropical African
waters . Proc. Roy. Soc. B 147: 57-83.
( 1958).
Fixation of sulphur in the muds of Lake
Victoria . Hydrobiologia 11: 171-181.
( 1958).
Effects of Simulium control on insecti-
vorous fishes. Nature 181: 570-671. (1958)
Some effects of D.D.T. on the fauna of the
Victoria Nile. Rev. Zool. Bot. Afr. 57:
73-95. (J 958).
85. FRYER, G.
86. GARROD, D. J. &
NEWELL, B. S.
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181: 1011-1012. (1958).
Ring formation in Tilapia esculenta.
Nature 1411-1412. (1958).
87. BEAUCHAMP, R. S. A. Utilizing of the natural resources of Lake
Victoria for the benefit of fisheries and
agriculture. Nature. 181: 1634-1638.
(1958).
88. CORBET, P. S. Lunar periodicity of aquatic insects in Lake
Victoria. Nature. 182. (1958).
89. GREENWOOD, P. H . Evolution and speciation in the Haplnch
romis (Pisces: Cichlidae) of Lake Victoria.
Proc. XVth Int. Congo Zool. Sect. II
paper 2 1-3. (1958).
90. GREENWOOD, P. H. Reproduction in the East African Lung-
fish Protoptems aethiopicus Heckel. Proc.
Zool. Soc. Lond. 130: 547-567. (1958).
91. GREENWOOD, P. H. African Lung-fishes. Wild-Life Observer
12: 5-7. (1958) .
92. GREENWOOD, P. H. A new genus and species of Cat-fish
(Pisces: Clariidae) from the deeper waters
of Lake Victoria. Ann. & Mag. Nat.
Hist. 13: I. (1958).
93. FRYER, G. A note on Lernaea bistricornis Harding,
a parasitic copepod from Lake Tanganyika
Rev. Zool. Bot. Afr. 58: 214-216. (1958).
94. GARROD, D. J. The growth of Tilapia esculenta Graham
in Lake Victoria. Hydrobiologia. (In Press)
(1959).
95. TJONNELAND, A. Observations on Chaoborus edulis (Edwards)
(Diptera. Culicidae). Universitetet i Ber-
gen Arbok 1958. Naturvitenskapelig
rekke Nr. 16. (1958).
96. TJONNELAND, A. Observations on three species of East
African Chironomidae (Diptera) . Universi-
tetet i Bergen Arbok 1958. Naturvitens-
kapelig rekke Nr. 17. (1958).
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99. GREENWOOD, P. H.
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of some littoral communities of Lake
Nyasa with especial reference to the
the fishes, and a discussion of the evolution
of a group of rock-frequenting Cich1idae.
Proc . Zool. Soc. Land. 132: 153-281 ..
( 1959).
The breeding habits, em bryology and
larval development of Lobeo victorianus
Boulenger (Pisces: Cyprinidae). Rev.
Zool. Bot. Ali'. (In Press). (1959).
The monotypic genera of Cichlid fishes
in Lake Victoria, Part Ii. and A revision
of the Lake Victoria Hap!ochrol11is species
(Pisces: Cichlidae) Part Ill. Bull. Brit.
Mus . Nat. Hist. Zool. 5. 7 :61-218. (1959)
Quaternary Fish fossils. Exp!or. Parco
Nat. Albert, Mission J. de Heinzelin de
Braucourt (1950), Fasc. 4. (i) 1-80. (1959).
Larvae of certain East African Trichoptera.
Rev. Zool. Bot. Afr. 58 :201-216. (1959).
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APPENDIX'A'
THE FOOD OF NON-CICHLID FISHES IN LAKE VICTORIA
by Philip S. Corbet
As the analysis of work on the food of fishes in Lake Victoria pro-
ceeds, and until the full account is ready for publication, summaries of
the findings for the different species will be presented in the Annual
Report.
Although a general discussion of the methods of collection and analy-
sis of data will be given later in the main paper, it is necessary to mention
here certain points which have important bearing on interpretation of
the results .
The occurrence of a food item has been expressed as a percentage
of the total stomachs containing food. To make allowance for size and
abundance of different types of food, an additional category has been
recognised, such that an item occupying more than half the volume of
food in a stomach is classed as the 'main contents'. Values in this
category have also been given as a percentage of the total stomachs
containing food.
Owing to differential digestion and other factors, it is not possible
to identify all stomach contents with equal precision. It follows that
figures for the occurrence of various food items will often fall short of
the true values, but that the more comprehensive the category of food,
the more accurate they are ·likely to be. Thus, values expressing occur-
rence of 'fish remains' will necessarily be more accurate than those re-
cording occurrence of a particular kind of fish. The same principle
applies in the cases of insects and molluscs. One way in which I have
tried to reduce this error is to give extra weight to values for "main
contents" from larger fishes, since such remains are more likely to be
recognisable.
It would be out of place here to give a full account of the several
sources of error encountered in this work . But the results given in these
summaries are the best approximations I have been able to produce
from the data available.
Three types of habitat have been recognised. These have been
distinguished on the basis of the bottom deposits which occurred at the
net site and which, so far as was known predominated up to 400 met res
away from it. The classification was as foJlows :
HARD:
MIXED :
SOFT:
sand, gravel or rock
hard and soft facies combined
mud, silt, humus or clay.
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It should be emphasised that these summaries apply only to Lake
Victoria.
The material examined was obtained from the northern shores of
Lake Victoria - between Bukoba and Kisumu. Most of the fishes
were caught in or near Napoleon Gulf during routine catches by
E.A.F.R.O. The remainder were obtained with the help of officers of
the Lake Victoria Fisheries Service and the Kenya Game Department
(Fish), to whom acknowledgment will be made elsewhere. At E.A.F.R.O
I received invaluable help with the identification of fish and mollusc
remains, respectively, from Messrs. P. H. Greenwood and·C. C. Cridland.
At the Geofysisk Institut, Bergen, where these data were analysed on
Hollerith machines, J was assisted greatly by Mr. J. Hannisdal.
(a) Bagrus docmac (Forskal)
Number of fishes examined 1389
Number containing food: 1112
Size-range: II - 94 cm
CHANGES IN FOOD:
1. With Habitat
SOFT
20.5
10.2
7.9
85.8
74.5
62.8
4.7
10.2
1.6
70.1
65.4
52.8
0.5
0.5
FOOD
Insects
Odonata larvae
Molluscs
Fishes
Cichlids
Haplochromis
Tilapia
Non-cichlids
Engraulicypris
TABLE 1
Percentage occurrence over different bottoms
HARD MIXED
38.4 17.0
J6 .3 2.0
6.0 2.6
87.6 94.6
76.1 82.1
64.1 69.2
1.2 1.8
7.8 2.4
1.0 1.6
TABLE 2
Percentage main contents over different bottoms
FOOD HARD MIXED
Insects 6.5 1.4
Odonata larvae 5.9
Fishes 54.0
Cichlids 42.7
Haplochromis 38.7
Tilapia 0.3
Non-cichlids 4.2
Engraulicypris 0.3
The comparison must be made mainly between sites having a hard
and mixed bottom, since only small samples were obtained from those
with a soft bottom.
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Whereas Haplochromis provides the principal food in both habitats,
the diet over a hard bottom is more varied, particularly with regard to
the quantity of insects eaten. These insects are principally large larvae
of Odonata (Anisoptera) - the main species being lctinogomphus ferox
Rambur.
2. With size
TABLE 3
Percentage main contents over a hard bottom
Size Groups (em)
16-25 26-35 36-45
Insects 10.2 5.5 5.8
Odonata larvae 9.1 5.0 5.8
Fishes 42.0 57.2 59.6
Cichlids 32.9 44.8 50.0
Haplochromis 31.8 39.3 46.2
Non-cichlids 6.8 3.5 3.8
46-55
61.5
46.1
46.1
Over a hard bottom, within the size-range considered, small Bagrus
feed more heaviJy on insects . As they grow larger, they feed less on
insects and more on fishes, particularly Haplochromis. Over mixed and
soft bottoms, aquatic insects are eaten far Jess , and only in the smallest
size-group. The fact that more small Bagrus were examined from a
hard bottom than from other habitats has contributed to the difference
recorded between habitats in'Tables I and 2. But the difference remains
well marked, even after allowance is made for this factor.
SUMMARY
Bagrus docmac is primarily piscivorous, and its most important food
in Lake Victoria is Haplochromis. For individuals more than 15 em.
long, even under conditions when fishes are eaten least (i.e. amongst
those 15-25 em. long feeding over a hard bottom), Haplochromis are
still nearly four times as important (by volume) as any other kind of food .
Amongst larger Bagrus, the relative importance of Haplochromis is
seldom less, and usually considerably more, than ten times that of any
other food . Corrected occurrence totals for over 1,000 fishes show that
90.6% had fed on fishes, 78 .6% on cichlids, and 57.1% on Haplochromis.
Since, however, only 5.7% had fed on non-cichlids, it is likely that the
true values for occurrence of cichlids, and therefore Haplochromis,
are higher still . Tilapia was of negligible importance as food in the sam-
ples studied, and occurred in only 1.9% of stomachs - a value con-
siderably less than the 5.7% recorded for non-cichlid food. It may be
concluded that when above 15 em. in length, B. docmac depends almost
entirely on Haplochromis for its food.
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(b) Mormyrus kannume Forskal
Number of fishes examined: 2793
Number containing food: 2615
Size-range: 15 - 62 em.
CHANGES IN FOOD:
1. With habitat
TABLE 1
Percentage occurrence over different bottoms
FOOD HARD MIXED SOFT
Insects 99.8
Chironomid larvae 90.3
Chaoborid larvae 34.6
Po villa larvae 40.3
Tricorythus larvae 2.6
Baetid larvae 44.1
Odonata larvae 5.1
Trichoptera larvae 48.5
Phanostoma larvae 5.5
Ecnomus larvae 38.1
Ostracoda 31.3
Caridina 7 .5
Gastropoda 4.4
Fishes 1.0
Cichlids 0.4
Non-cichlids 0 .3
TABLE 2
100.0
99.3
77.1
6.2
0.3
7.6
3.8
5.6
4.9
15.5
7.1
0.3
0 .2
0 .1
0 .1
100.0
95.8
54.8
16.3
20.0
6.1
19.2
1.3
15.1
14.4
2.9
3.5
0.3.
0.3
Percentage main contents.over different bottoms
FOOD HARD MIXED SOFT
Chironomid larvae 4 1.8
Chaoborid larvae 2.8
Povilla larvae 9.8
Tricorythus la rvae 0.1
Baetid larvae 3.9
Odonata larvae 0 .9
Trichoptera larvae 1.6
Phanostoma larvae 0 .3
Ecnomus larvae 1.1
Caridina 0.4
Fishes 0.1
88.4
0.1
1.3
0.3
0.3
0.2
0.2
0.3
74.0
1.8
4.7
1.4
0.7
0.7
0.7
In Table 2 no values have been given for the inclusive category 'in-
sects', since these would be virtually 100% for all habitats (see Table 1).
I n fact , in only one fish was the main contents not insect remains: this was
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an exceptional case in which several small fishes had been eaten over a
hard bottom. Therefore it may be said that, amongst those fishes
feeding on insects over a hard bottom, about 41%, feed predominantly
on chironomid larvae.
As stated by Macdonald in previous Annual Reports (1951, 1952)
and in 1956 (J. Anim. Era I. 25: 36-53), the food of Mormyrus is a re-
flection of the bottom over which it is feeding. This statement is con-
firmed by data in Tables I and 2, which show the food over a hard bottom
to be most varied. On a hard bottom the importance of chironomid
larvae is less than elsewhere, and the importance of Povilfa, Chaoborus
and baetid larvae correspondingly greater.
Food also changes, to a small extent, according to the size of fish,
and the phase of the moon. The samples from which Tables I and 2
were derived, were, however, collected without significant bias as to size
or lunar phase. It is therefore considered that these values provide a
fair measure of food differences due to habitat alone.
2. With size
TABLE 3
22.5
36-46
2.5
3J -35
9.1
1.4
19.6
8.7
12.7
17-20
Percentage main contents over a hard bottom
Size groups (em.)
21-25 26-30
1.4 5.9
7.2 2.5
10.8 14.2
0.7 1.5
Chaoborid larvae
Bae tid larvae
Povilla larvae
Odonata larvae
In Table 3 only items which appear to vary with size have been
included.
The most consistent trend is that shown for baetid larvae; and this
is confirmed by analyses of data from three other habitats. It may be
assumed that the importance of baetid larvae as food of fishes over 15 em.
long decreases progressively with size.
Changes for other items are less marked. But it appears that neither
chaoborid nor Odonata larvae are of importance to fishes less than 20 em.
long. Apart from this, there is no evidence that larger Mormyrus feed
on larger kinds of insects, such as Polilla or Odonata larvae. For fishes
over 35 em. long, the main contents values for chironomid larvae are
usually as high as for any other smaller size-group.
l have no data for food of M. kannume below 15 em. in Lake Vict-
oria. It may well be that fishes of such a size live amongst rocks on
exposed shores and feed on lithophilic insects such as larvae of Tricorythus,
Hydropsychidae and Hydroptilidae. Observations on the feeding habits
26
of such fishes in the Victoria Nile (reported in Rev. Zool. Bot. Afr. 57:
73-95.) support this view, as also does the fact that baetid larvae are
eaten progressively less by larger fishes .
3. With age of moon
Macdonald has reported elsewhere (J. Anim. Ecol. op. cit .) that
there is a regular fluctuation in the numbers of larvae and pupae of certain
species of Chironomidae fOllnd in Mormyrus stomachs, there being
greatest numbers of pupae just before new moon. Fluctuations accord-
ing to the lunar cycle have also been reported (E.A .F.R.O. Annual Report,
1955) for Povilla and Chaoborus, both of which are eaten to a greater
extent near full moon .
SUMMARY
In Lake Victoria Mormyrus kannume is almost exclusively insecti-
vorous and chironomid larvae are by far its most important food.
These occur in 90-100% of fishes over 15 em. long, irrespective of their
feeding grounds, and they provide the main contents in 40-90%.
Though still providing the main food there, chironomid larvae
are of least relative importance over hard-bottom feeding grounds,
where fishes have a more varied diet and feed to a greater extent than
elsewhere on larvae of Po villa, Baetidae, Trichoptera and Odonata.
But none of the latter items ever achieves more than one quarter the
importance of chironomid larvae, even though at certain times larvae of
Povilla, Baetidae and .Trichoptera may each occur in 40-50% of stomachs.
Over mixed or soft bottoms, chironomid larvae provide the only
consistently important food. Chaoborid larvae occur more frequently
as food in such habitats. being found in 50-80% of stomachs, but they
only rarely provide the main contents.
There are indications that, as fishes over 15 em. long grow larger ,
they feed progressively less on baetid la rvae. On the other hand, it
seems that, for a while at any rate, the importance of chaoborid and
Odonata larvae increases with size. Odonata larvae are seldom eaten
by fishes below 20 cm. long, but apart from this there are no signs of larger
fishes eating larger insects.
Within the range permitted by its insectivorous diet, M. kannume
must be regarded as a facultative feeder. But despite this, chironomid
larvae comprise the only food which always remains important, irrespec-
tive of habitat, size of fish, or time of the lunar month.
(c) Clarias mossambicus Peters
Number of fishes examined : 585
Number containing food: 308
Size·ran~e: 0.7 - 90 em.
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As described by Greenwood (Nature , Lond. 176: 516), C. mossam-
bicus breeds in small streams which flow into the lake for a short time
after rain has fallen. While such streams persist, newly-hatched fishes
remain in them and grow rapidly. From the point of view of their food,
it is necessary to consider these smaller fishes apart from the population
in the lake itself. Totals for the two habitats are therefore given below.
Stream Lake
Number of fishes examined 193 392
Number containing food: 91 217
Size-ranges (cm) : 0.7-90 5-90
The size-ranges are extreme values and require comment. From
the stream, all except 10 fishes lay between 0.7 and 16 cm .; the rest were
between 55 and 87 cm . and represented breeding fishes, only two of
which contained food . From the lake, one fish only was 5 cm. long,
the remainder being between 24 and 90 cm.
CHANG ES IN FOOD :
J. With habitat
TABLE 1
Percentage occurrence over different bottoms
FOOD LAKE
HARD MIXED SOFT
Insects 40 23 50
Chirol1omid larvae 4 I 3
Chaoborid larvae 3
Povilla larvae 4 I 3
Povilla adults 2 I II
Ephemeroptera:
bu rrowing larvae 9
Ephemeroptera:
adults 2 3
Odonata larvae 18 3 4
Terrestrial insects 7 11 2
Hydracarina 38 4 6
Ostracoda 4 3
Caridina 15 7 6
Potamon 2 3
Molluscs 22 14 29
Gastropoda 22 10 24
Pelecypoda 6 7
Fishes 62 87 63
Cichlids 42 76 49
Haplochromis 33 69 37
Tilapia 4 4
Non-cichlids 13 1 3
Engraulicypris 7 3
TABLE 2
Percentage main contents over different bottoms
FOOD LAKE
HARD MIXED SOFT
Jnsects 11 4 14
Povilla adults 9
Odonata larvae 9 4
Terrestrial insects 3
Caridina
Potamon 3
Fishes 36 67 43
Cichlids 26 60 34
Haplochromis 22 55 26
Tilapia 2 3
Non-cichlids II
Engraulicypris 7
In the lake, the principal food in all habitats is fishes, amongst
which cichlids and Haplochromis predominate. It appears that over a
hard bottom the food is perhaps more varied than elsewhere, and that
certain items (burrowing Ephemeroptera larvae, Odonata larvae, Hydra-
carina and non-cichlid fishes) may be eaten to a greater extent. However,
Table 2 indicates that only two of these foods - Odonata larvae and non-
cichlid fishes - are important; and in general differences between habit-
ats seem to be due more to a particular locality than to the bottom-type,
since each sample is fairly small and derived mainly from one or two
habitats. The relative importance of terrestrial insects over a mixed
bottom illustrates this. This being so, results have been combined to
give general values applicable to the lake. These are given in Tables 3
and 4.
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2. With size
LAKE
(larger Fishes)
40
2
I
2
5
2
5 1
12 7
6 J2
25 2
3 8
I
6 21
6 J8
5
J8 72
3 58
3 49
2
9 5
3
TABLE 3
Percentage occurrence in different habitats
STREAM
(Fishes 0-15 cm.)
63
45
Insects
Chironomid larvae
Chaoborid larvae
Povilla larvae
Povilla adults
Ephemeroptera : burrowing
larvae
Ephemeroptera adults
Odonata larvae
Terrestrial insects
Ostracoda
Caridina
Potamon
Molluscs
Gastropoda
Pelecypoda
Fishes
Cichlids
Haplochromis
Tilapia
Non-cichlids
Engraulicypris
FOOD
5
13 7
9 3
9
13 2
2
48 83
13 69
13 60
2
35 5
4
TABLE 4
Percentage main contents *' in different habitats
STREAM LAKE
(Fishes 0-15 cm.) (Larger Fishes)
35 J5
4
FOOD
Insects
Chironomid larvae
Povilla adults
Odonata larvae
Terrestrial insects
Ostracoda
Caridina
Potamon
Fishes
Cichlids
Haplochromis
Tilapia
Non-cichlids
Engraulicypris
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''In table 4 values are given as a percentage of those fishes
with main contents, because in relatively few smaller fishes does a single
food predominate.
The food of fishes in stream and lake differs considerably. In a
stream young Clarias feed far more heavily on insects, particularly chiro-
nomid larvae, on Ostracoda, Caridina and non-cichlid fishes. The
importance of fishes as food is far less in a stream. Until they reach a
size of about 3 em., young Clarias feed on aquatic insects and Ostracoda.
but not on fishes
Samples of fishes from the lake alone are not large enough to enable
changes of diet with size to be discerned.
3. WlTH AGE OF MOON
It has alrady been noted (Bull. enf. Res. 48: 243-50) that at full moon,
when adults of Povilla emerge, these may constitute the entire food of
certain individuals of C. mossambicus. Amongst insects eaten in the
lake. Povilla is relatively important (see Table 4) .
SUMMARY
The food of young Clarias (up to 16 em. long) living in streams
comprises relatively more insects and fewer fishes than in the lake. Before
they reach a length of about 3 em. and first eat fishes, Clarias feed
mainly on aquatic insects (principally chironomid larvae) and Ostracoda.
Thereafter insects remain important as food, but fishes are eaten to an
increasing extent.
1n Lake Victoria, C. mossambicus is primarily piscivorous, and feeds
mainly on Haplochromis. Amongst individuals 25-90 em. long, fish
remains occurred in 72.4%, and provided the main contents in 51.4%.
Over 80% of these remains could be classified definitely as Cichlidae. and
over 70% as Haplochromis . The true values are probably higher still,
since only 6% could be classified as non-cichlid, and only about 3% as
Tilapia. Amongst larger Clarias, Haplochromis are at least 4 times as
important by volume as any other kind of food, and fishes are nearly 6
times as important. Other items of food are varied, but consist mainly
of aquatic insects, amongst which Odonata larvae predominate. Sub-
stantial numbers of insects are taken from the surface of the water:
these include termites and . at full moon. emerging Povillo .
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(d) Schilbe mystus (L.)
Number of fishes examined: 549
Number containing food: 238
Size-range : 13:34 em.
The samples upon which this investigation is based were obtained
from two large rivers flowing into Lake Victoria. and from the lake
itself. S. mystus may be caught in numbers during the rainy season
when ascending rivers to breed , but only about 20% of such fishes contain
food in the stomach. Moreover, gill-net catches of Schilbe in the lake
are neither la rge nor consistent, and it is certain that , during their most
active feeding phase, they dwell in regions not sampled effectively by
ordinary methods. Thus conclusions concerning the food of this species
have to be drawn from individuals which may have been behaving atypi-
cally. Nevertheless, the fact that 49 % of fishes caught in the lake con-
tained food makes an analysis j ustified.
Numbers of fishes examined:
Numbers containing food:
Size-ranges (em.):
Lake
426
210
13-34
River
123
28
12-33
CHANGES IN FOOD:
1. With habitat
TABLE 1
22
3
6
3
19
3
6
6
42
17
17
22
19
SOFT.
53
3
8
5
20
8
9
8
89
69
61
II
11
2
9
11
2
2
46
14
11
26
20
HARD
60
3
17
6
10
Percentage.occu rrence over di fferen t bottoms
LAKE
MIXED
36
5
Insects
Chironomid larvae
Chironomid or chaoborid pupae
Chironomid or chaoborid adult s
Chaoborid larvae
Povilla larvae
Povilla adults
Ephemeroptera: burrowing larvae
Odonata larvae
Terrestrial insects
Termites
Hymenoptera
Caridina
Fishes
Cichlids
Haplochromis
Non-cichlids
Engraulicypris
FOOD
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TABLE 2
Percentage main contents over different bottoms
FOOD LAKE
HARD MIXED SOFT
Insects 13 II 8
Chironomid or chaoborid pupae 3
Chironomid or chaoborid adults 2 3
Povilla adults 2
Ephemeroptera: burrowing larvae 3
Odonata larvae 3
Terrestrial insects 5 8 3
Termites 2 3
Hymenoptera 3
Caridina 3
Fishes 34 70 36
Cichlids 9 59 14
Haplochromis 8 53 14
Non-cichlids 20 8 17
Engraulicypris 16 8 14
As samples were small (especially that from soft-bottom habitats),
and derived mainly from one or two habitats of each type, it is likely that
many of the differences in Tables I and 2 may express characteristics of
localities rather than of bottom-types . Nevertheless, it seems likely
that over a hard bottom relatively more insects and fewer fishes are eaten,
and that the insects may consist more of chaoborid larvae and burrowing
Ephemeroptera larvae, and the fishes more ofnon-cichlids than elsewhere.
It is necessary to consider also differences in the food of fishes in
the lake and in rivers. But when doing so it must be remembered that
any differences which exist may be ascribed not only to the habitat but
also to the fishes' sexual condition.
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TABLE 3
Percentage occurrence in different habitats
FOOD LAKE RIVER
Insects 51 93
Chironomid larvae 3 I I
Chironomid or chaoborid pupae 13
Chironomid or chaoborid adults 3 25
Chaoborid larvae 7
Ephemeroptera: burrowing
larvae 5 29
Trichoptera larvae 7
Terrestrial insects 15 25
Termites 4
Hymenoptera 4 14
Caridina 4
Fishes 59 4
Cichlids 31
Haplochromis 27
Non-cichlids 21 4
Engraulicypris 17
TABLE 4
Percentage main contents in different habitats
FOOD LAKE RIVER
Insects II 14
Chironomid or chaoborid pupae I
Chironomid or chaoborid adults I
Ephemeroptera: burrowing
larvae 1
Odonata larvae I
Terrestrial insects 5 II
Termites 2
Hymenoptera I 4
Caridina 1
Fishes 45
Cichlids 25
Haplochromis 23
Non-cichlids 16
Engraulicypris 13
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In the lake the main food of Schilbe is fishes, amongst which Hap-
lochromis are of greatest importance. Although various insects, both
aquatic and terrestrial, are eaten, these play only a minor role in the diet
(Table 4). In rivers, on the other hand, the only important food consists
of insects, a large proportion of which are taken at the surface of the water.
SUMMARY
In Lake Victoria, s. mystus between 13-34 em. long are primarily
piscivorous. Their most important food is Haplochromis, although they
feed to a much greater extent on non-cichlids (almost entirely Engraulicy-
pris) than do Bagrus or Clarias. As no Tilapia remains were found in
any stomach, it has been assumed that Haplochromis provides virtually
all of the cichlid food . Corrected values indicate that amongst those
Schilbe that eat fIsh , Haplochromis occur in about 60% and non-cichlids
in about 40%. More than 80% of the non-cichlid remains consisted of
Engraulicypris.
Although insects are eaten in great variety, and occur in nearly as
many stomachs as do fish remains (51 %, compared with 59%), they do
not achieve one quarter the importance by volume of fish remains, or
one half the importance of Haplochromis. The fact that most insects
are taken at the surface of the water is consistent with the relatively great
extent to which Schilbe feed on Engraulicypris.
When ascending rivers to breed, Schilbe feed little, and then almost
entirely on terrestrial insects or on burrowing mayfly larvae.
(e) Protopterus aethiopicus Heckel
Number of fishes examined:
Number containing food:
Size-range:
321
292
3-130 em.
The sample of lungfishes considered here was obtained from Lake
Victoria - partly from marginal swamp, and partly from the open lake.
As fishes from swamp were below, and fishes from the lake were above,
33 em. in length , samples from the two habitats have been considered
separately.
Numbers of fishes examined;
Numbers containing food;
Size-ranges (em.);
SWAMP
64
52
3-32
LAKE
257
240
34-130
35
CHANGES IN FOOD:
1. With habitat
TABLE 1
Percentage occurrence in different habitats and
over different bottoms
FOOD MARGINAL SWAMP LAKE
(3-32 em.) (43-130 em.)
MIXED SOFT
Arthropods
Insects
Chironomid larvae
Culicine larvae
Odonata: Anisoptera larvae
14
83
17
]9
4
20
17
2
10
2
7
Zygoptera larvae 2
Coleoptera (aquatic) 46
Terrestrial insects 12
Molluscs 8
Gastropoda 8
Melanoides
Bel/amra
Pelecypoda
Small species
Lar~e species
Fishes
CicWids
Haplochromis
Tilapia
Non-cichlids
2
2
2
4
2
2
96 94
92 92
90 49
39 88
83 70
78 45
16 32
30 16
23 9
17 9
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TABLE 2
FOOD
Percentage main contents in different habitats
and over different bottoms
MARGINAL SWAMP LAKE
(3-32 em.) (43-130 em.)
MIXED SOFT
Arthropods 8
Insects 39
Odonata: Anisoptera larvae 6
Zygoptera larvae 2
Coleoptera (aquatic) 8
Molluscs 72 83
Gastropoda 26 56
Melanoides 25 4
Bellamya 49
Pelecypoda 12 7
Small species 9 4
Large species 2 4
Fishes 9 4
Cichlids 6 4
Haplochromis 5 4
Tilapia I
Too few fishes were caught over a hard bottom to justify their inclu-
sion in these tables.
Two categories of Pelecypoda were recognised: "small species,"
which comprised species of Corbicula and Sphaerium ,o and" large species .,
which included species of Caelatura and Mutela.
In the lake, the principal food ofProtopterus in all habitats is molluscs,
amongst which gastropods a re considerably more important than pelecy-
pods. The high values for molluscs in Table 2 indicate the great extent
to which Protopterus concentrates on this type of food.
The type of bottom over which Protopterus feeds does not alter the
general features of its diet, althogh it seems that Melanoides is the
gastropod eaten mainly over a mixed bottom, and Bellamya the one over a
soft bottom. It is also possible that the proportions of small pelecypods
and fishes eaten is greater over a mixed bottom than it is over a soft one.
2. With size.
Amongst fishes more than 43 em. long in the lake, samples were too
small to justify detailed analysis from this point of view. .There is an
indication, however, that fishes of 70 cm. and over may eat more large
pelecypods than those below this size. If this is so, it may be a simple
expression of the size of the mouth of Protopterus and the strength of
its jaws, since lungfishes crush the shells of the molluscs they eat.
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Amongst fishes less than 32 em. long in swamp, there is an indication
that Odonata larvae are eaten only by fishes over 20 em. long. This,
again, might well result from the mouths of fishes below this size being
too small to ingest this type of prey.
A striking difference exists between the diet of small fishes feeding
in swamp, and that of large fishes feeding in the lake (Tables 1 and 2).
Swamp-living fishes eat a wide variety of animals, particularly inverte-
brates, but their only important food is insects, amongst which aquatic
beetles provide a significant item.
SUMMARY
The food of young Protopterus (up to 32 em. long), living in
marginal swamp, consists mainly of insects, amongst which aquatic
beetles are important. Spiders, molluscs and fishes are eaten also,
but they never achieve the status of important food .
In the open lake, Protopterus is a specialised eater of moll uses,
Amongst fishes 43-130 em. long, about 95% contained molluscs.
92% gastropods, and 70-83% pelecypods. Of the two mollusc groups,
gastropods are by volume far more important as food, especially over
a soft bottom, where they may provide the main contents in 56% of
fishes. Melanoides tuberculata and species of Bellamya are the gastro-
pods eaten most frequently.
Fish remains can provide.the main contents in 4-9% of Protopteus,
but as food they do not achieve more than one eighth the importance
by volume of molluscs. Almost all the fishes eaten are cichlids, and
almost all of these are Haplochromis. Non-cichlids or Tilapia were
found in only 1.7% of fish-eating Protopterus, and in only 0.4% of all
those containing food. Therefore it cannot be concluded from this
study that P.aethiopicus is of any importance as a predator of Tilapia
in Lake Victoria.
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APPENDIX "B"
NOTES ON THE CULTURE OF TILAPIA NIGRA (GUNTHER)
IN PONDS
by Dr. VERNON D. VAN SOMEREN
and
PETER J. WHITEHEAD
Fish Division (Research), Ministry of Forest Development,
Game and Fisheries, Kenya.
Fish cultural research at the Inland Fishery Research Station of this
Ministry has been concentrated mainly on T. nigra, a fish whose sexual
dimorphism in growth enables it to be cultured most satisfactorily under
the monosex technique developed at this Station.
The males show a faster growth rate, and attain a larger size at
equivalent ages than do females, and simple examination of the external
genitalia enables the sexes to be separated down to as small a size as 6 em.
Not only is monosex an economic technique, but it is also a most
useful research tool, since by growing the sexes separately in ponds,
breeding is thereby prevented and the population stabilised at any desired
level. Hence other factors affecting growth can be studied without the
complications due to uncontrolled population increase during the course
of experiments.
This note is intended to draw attention to two of the more important
findings which have resulted from current research on monosex technique
at the Sagana Station, and is a precis of more detailed papers which will
appear elsewhere.
(a) Growth After Maturity in Male T. nigra.
As in other species of Tilapia, both male and female T. nigra grow
rapidly for the first three or four months after liberation from the female
parent; their growth then slows down until it practically ceases. The
rate of growth and the final size attained are largely a function of the POpl!-
lation density in relation to the size of the pond, higher stocking densities
and smaller ponds leading to slower growth and smaller final size. The
separation of males does not stop their maturation but prevents breeding.
We have evidence to suggest that maturation is a function of age rather
than of size. The relationship between age and size is very variable
and dependent on stocking rate and pond size.
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It has hitherto been supposed that the onset of maturation causes
a check in growth rate, and that once a fish is mature its potential for
fast growth ceases. For this reason, it has always been the practice in
monosex culture to utilise only the smaller immature males which showed
no external signs of maturation, these being separated by external genitalia
differences only , in order to take advantage of the first steep part of the
growth curve.
However, by following the growth of individually marked male
fish in an overstocked pond, where the fish were slow growing or showing
almost complete cessation of growth over several months, and then trans-
ferring these to another pond in monosex culture at a much reduced stock-
ing rate at the time when they all show full external evidence of matura-
tion (high coloration, etc .), we have been able to show that even such
fully mature fish are still capable of greatly increased growth under
improved conditions and that maturation or even breeding has not des-
troyed their potential for fast growth.
Furthermore, the larger fish of 20-25 cm . total length benefit most
from such a procedure, since their weight increase is in much greater
proportion to that of smaller fish, although the length increments may
not be so great. This is of course due to the length to weight relation-
ship being logarithmic.
This is a finding of the greatest practical importance in the use of
monosex as an economic technique, since it means that so-called" runted"
males from an overstocked pond can be fattened considerably under
reduced stocking conditions, even though they are fully mature and may
already have bred. Furthermore, it is much quicker to sex males on the
basis of breeding colouration from an overstocked pond than by the more
time-consuming method of genital examination. Highly coloured males
can be picked out from successive nettings over a period of months from
an overstocked breeding pond for fattening elsewhere. It is also possible
that better final growth, or better survival, may be achieved by stockings
of various sized males rather than simultaneous or successive stockings
of males of uniform size, but these aspects are still under study.
(b) lnf!uence of water depth and clarity on growth .
By equivalent stockings with males in ponds of equal size which
have been maintained at two different depths and varying degrees of
turbidity or clarity, the influence of both depth and clarity have been
analysed.
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The results have shown without doubt tha t a significantly higher rate
of growth and larger final size is achieved by fish grown in shallow
(9"-I' average depth), clear ponds, than in deep (2' -3' average depth) or in
turbid ponds; the difference in final length over the same period of time
being as much as 3 cm. between fish grown in the former and the latter
cond itions .
Analysis of environmental factors has shown that the main features
responsible is a lmost certainly temperature, since the records show that
the average maximum temperature is some 3°_4° higher in shalIow, as
opposed to deep, ponds, and is also higher in clear, as opposed to turbid,
ponds of the same depth . The day/degree summation is also much great-
er, and maximum temperatures are maintained for longer each day in
shallow or clear ponds than in deep or turbid ponds.
While such higher temperatures in themselves obviously induce
faster growth (as shown by E.A. F.R.O.), possibly other factors are a lso
operative, since shallow clear ponds must allow of greater light pene-
tration (and hence better diatom growth) than deep or turbid ponds,
and shallow ponds are probably not subject to nocturnal stratification
and hence curtailment of fertility, but allow of maximum water overturn
in contact with the bottom mud.
Further studies are still in progress, but here also the findings are
of considerable practical importance, since it is much cheaper to build a
shaJlow bund on a flat area to retain water at a maximum depth of not
more than one foot, than to construct a standard three to four foot deep
fish pond. Such shallow bunded areas do not require elaborate inlet or
outlet works, since the bund can be dug away or replaced as desired for
draining or filling with minimum time and labour costs.
If constructed on "black-cotton" soil , such ponds tend to remain
clearer than ponds on red soil, and such shallow ponds are ideal for fatten-
ing males as described above. A warning should, however, be given
that predation by birds or other animals may be heavier in shallow ponds
than in deep ponds.
The turbidity of a pond is greatly increased if breeding is aJIowed,
due to the physical disturbance of the bottom mud by the nesting fish
and in general monosex ponds run much clearer than breeding ponds,
other factors being the same . This in turn enhances the growth of males
under monosex conditions .
E.A.F.R .O. first demonstrated sulphate deficiencies in various soils
and waters in East Africa, and the affect of sulphate additives of various
kinds on the growth of male nigra is now also under investigation; the
results are promising to date.
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APPENDIX "e"
LABORATORY EXPERIMENTS ON THE GROWTH OF
TILAPIA spp.
by C. C. CRIDLAND '
(a) The Effect of Temperature on the growth of  T. zilli.
A full account of the experiments on the effect of temperature on
the growth of T. zillii will be given later. For the present it must suffice
to say (without giving a detailed explanation of the methods used and
precautions taken) that fry from a single spawning were divided into
batches of fifty and reared at four different temperatures, which cover
the range of temperatures occurring in East African waters.
The following table gives the average weight at monthly intervals
of fish grown at 19''C, 21 DC, 2YC and 30°C.
_. .'.--
mm . gm. mm. gm . I mm. gm. mm . gm.
C 8.0 0.006 15.0 0.08 22.0 0.2 31.0 0.6
C 8.0 0.006 24 .0 0.3 33.0 0.8 44.0 2.0
C 8.0 0.006 34.0 0.8 45.0 I 2.0 69.0 8.0
C 8.0 0.006 53 .0 I 3.0 69.0 7.0 77.0 11.0IIappr. 7 days
I
after 60 after 90
I
after 120
I old. days days days
It will be seen that temperature has a marked effect on the growth
rate of these fish; it appears likely that the optimum value for growth
may lie in the neighbourhood of 28°C.
From these experiments further information should be obtained on
the interrelationship between age and size as factors affecting the onset of
maturity .
(b) Growth of T.ESCULENTA after maturation.
Pairs of T. esculenfa which had reached sexual maturity at a small
size and spawned, were isolated in aquaria and well supplied with food.
It was observed that good growth was maintained under these conditions.
Thus it appears that the potential for good growth is not entirely lost
once a fish has reached sexual maturity . The reduction in growth rate
generally observed in adult fish would seem to be a rather complex function
of the actual size of the fish at the time of first spawning and the amount
and quality of the food available.
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(c) The growth of T. ESCULENTA from large and small eggs.
T. esculenta were reared from large eggs obtained from large females
taken from the lake. Their growth rate to sexual maturity was observed.
As is usual in aquaria sexual maturity was reached at a relatively small
size; the eggs subsequently produced by these fish were about half the size
of the eggs from which they themselves had developed. It was found
that the fish from these small eggs when reared under identical conditions
grew just as well as had their parents which had developed from larger
eggs .
43
APPENDIX "D"
A POT TEST STUDY OF THE EFFECT OF LAKE MUD AS A
FERTILIZER
By J. R. SIMPSON AND B. BUTTERS.
Kawanda Research Station
The effect of Lake Mud as a fertilizer was assessed by applying it
to each of two soils at four rates and performing Chenery'sl micro
modification of Webb's2 technique on each soil/mud combination.
The soils selected were known to be deficient in nitrogen, phosphorus
and sulphur, and the experiment was designed to assess the effect of Lake
Mud in correcting these three deficiencies .
Experimental: Lake Mud was applied to each of two soils
(Kumi and Ngora) at the rate of 0, 5, 10 and 20 tons per acre (an acre of
topsoil was assumed to weigh 2,000,000 Ibs). Finger millet plants were
used as the test crop and nutrient solutions of the following composition
were applied after germination for a period of 6 weeks, when the
plants were harvested by cutting at soil level and the yields of dry matter
obtained:
Complete Nutrient (A)
Complete Nutrient minus Nitrogen (N)
Complete Nutrient minus Phosphorus (P)
Complete Nutrient minus Sulphur (S)
Water only (C)
The nutrient solutions were based on the Long Ashton formula 3
with the exception that the level of potassium nitrate was three times
that of Hewitt's lowest level.
The experimental layout followed the "criss-cross" design of
Cochran and Cox4 and three replications of each treatment were provided.
Results.
The yield data expressed as mg. dry matter per pot are shown in
the following tables:
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TABLE 1
Individual treatment Means (Means of 3)
Soil Level of . Nutrient Treatment
Mud
Tons/acre A N P S C
Kumi 0 716 176 299 522 141
(100.0) (24.6) (41.7) (77 .0) (19 .7)
5 976 832 655 846 540
(l00.0) (85.2) (67.1) (86.7) (55.3)
10 1068 982 773 869 753
(l00.0) (91.9) (72.3) (81.4) (70.5)
20 1039 903 671 703 688
(100.0) (86.9) (64.6) (67.7) (66.2)
Ngora 0 773 349 453 426 246
(100.0) (45.1) (58 .6) (55.2) (31.9)
5 . 1054 977 882 925 778
(100.0) (92.7) (83.7) (87 .8) (73.8)
10 1074 957 925 1032 894
(100.0) (89.1 ) (86.1) (96.1) (83.2)
20 968 871 939 791 776
(100.0) (90.0) (96.9) (81.7) (80.2)
Values of the Least Significant Differences:
Comparison L.S.D. L.S.D. L.S.D.
Horizontal 120 159 207
Vertical 118 157 204 .
Diagonal 121 16J 209
N.B.- Values in parenthesis are yields expressed as a percentage
of the yield of treatment A for each level of lake mud.
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TABLE 2.
Means of Mud x Nutrients (Means of 6)
Nutrient Treatment
Level of Mud
Tons/acre A N P S C
0 745 263 376 489 194
(100.0) (35.2) (50.4) (65.7) (26.0)
5 1015 905 . 768 886 659
(100.0) (89.1) (75.7) (87.2) (64.9)
10 1071 969 849 951 824
(l00.0) (90.5) (83.6) (88.8) (76.9)
20 1004 887 805 747 732
(100.0) (88.4) (80.2) (74.4) (73.0)
Values of the Least Significant Difference.
Comparison L.S.D . L.S.D. L.S .D.
Horizontal 85 112 146
Vertical 83 III 144
Diagonal 86 114 148
TABLE 3.
Means of Soil x Mud (Means of 15)
Soil Level of Mud, Tons/acre
0 5 10 20
Kumi 377 770 889 801
Ngora 450 923 977 869
413 847 933 835
- _.
Values of the Least Significant Difference.
Effect L.S.D. L.S.D. L.S .D.
Soil x Mud 62 87 120
Mud 44 61 85
The main effect of mud on yield is explained by the equation :
y = 134.241 x - 10.797 x 2 + 0.257 x 3 + 413.043
where y = yield of dry matter (mg. per pot)
and x = level of mud (tons/acre).
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The curve possesses a maximum at 9.3 tons/acre and a minimum
at 18.7 tons/acre.
CONCLUSIONS.
On both of the soils studied, lake mud supplied significant amounts
of nitrogen, phosphorus, and sulphur, and in addition brought about
yield increases due possibly to a physical effect. In the field a suitable
rate of application would probably be of the order of 10 tons per acre
from which a valuable increase in yield may be expected. Higher rates
of application may lead to a slight depression of yields when compared
with the 10 ton per acre level.
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APPENDIX "E"
THE GROWTH OF A LUNGFISH IN CAPTIVITY
by PROF. H. MUNRO Fox, F.R.S.
On January 29th, the East African Fisheries Research Organization
presented me, when on a day's visit to Jinja, with several larval Proto-
pterus aethiopicus, having 4 pairs of external gills. These larvae had
been found by Mr. P.H. Greenwood in a nest hole in the papyrus
mat at the edge of Lake Victoria and he estimates that they must have
hatched about two months earlier. On the same day I took the larvae
to Makerere College, Kampala, and found next morning that they
had been nibbling each other's long pectoral fins. They were there-
fore separated, and fed on small ostracods. On February 7th I flew
to London with one of these Protopterus in a glass tube in my breast
pocket. It survived the journey well and I proceeded to raise it in
tap water filtered through carbon. It grew steadily, from 2.6 em. in
length on arrival in London to 15.5 em. on July 30th, the temperature
being kept at 20-22°C until June when it sometimes rose to 26°C .
The fish was fed successively on Daphnia, Tubifex and larvae of Chirono-
mus, it half spat out ·the worms several times while chewing them.
The fish was first seen to breathe air on February 21st, long before the
external gills had become vestigial.
On July 30th I took this fish, in a plastic bag half filled wih water,
by train to Italy, where I continued to raise it at the Istituto di Idrobiolo-
gia at Pallanza. Here the water was kept constant at 23-24°C. The
food continued to be Chironomus until, early in September, the fish
was persuaded, only after a little starvation, to eat liver, which it later
took gluttonously. Growth continued at the same steady rate until
I left Pallanza on September 27th,when the length was 21.2 em. After
that, the fish being left in the care of the Director of the Institute, Prof.
Vittorio Tonolli, growth went on more rapidly than before, at a tempera-
ture of 24°C., until by February 1st, 1958, the fish had reached 40 em.
in length. It had been eating about 2 gm. of liver daily and on December
mber 20th its diameter was 3.5 em. Mter February I st the rate of gr 0-
wth declined somewhat, but by April 28th a length of 46 em. had bee n
reached and the fish is still healthy and growing.
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Mr. Greenwood has collected data from swamps near Jinja which
suggest that two age groups of young Protopterus are present in this
habitat. From a study of length frequencies he concluded that the
fish reach an average length of 19 cm. in one year and 26 cm. in two
years . The mean water temperature in the swamp during a period
of 6 weeks in December and January was 23"C. with extremes of 18 '
and 25". My fish was 31 cm. long at the end of November,1957,
which neans that at one year after hatching it was considerably bigger
than a two year old fish in nature. Since there was little difference in
temperature, this rapid growth must have been the result of abundant
nutrition .
